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Extensor strength in
the anterior cruciate
reconstructed knee
Truncated range average torque (TRAT), peak
torque (PT) and angle of peak torque (APT) in the
knee extensor musculature of subjects with
patellar tendon autograft anterior cruciate
ligament reconstructions were compared with
non-operated limbs two to four years following
surgery. Twenty subjects were assessed using
a Kin-Com 5DOH isokineticdynamometer at
threevelocities forboth concentricand eccentric
muscle actions. Results of TRAT for the knee
extensors showed average concentric and
eccentric deficits of 8.48 per cent and 6.73 per
cent, respectively. Deficits in PT were 8.26 per
cent concentrically and 7.96 per cent
eccentrically. There was no difference in the
APT for each action or velocity. Despite an
accelerated rehabilitation program, significant
residual deficits were evident. Continued
strengthening of the knee extensor muscles is
recommended.
[Chapman AJ, Chamberlain VT, Railton RK, Boyle
JJW and Strauss GR: Extensor strength in the
anteriorcruciate reconstructed knee. Australian
Journal of Physiotherapy 41 : 83-88]
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rauma to the anterior cruciate
ligament (ACL) is one ofthe most
common disabling injuries ofthe
knee joint. A partial tear may result in
minimal laxity.and minimal effect on
performance. IIovvever, complete
rupture creates significant instability
and predisposes the affected knee to
problems such as decreased muscle
strength and endurance, and possible
early joint degeneration (Wilk and
Andrews 1992). The authors, in
summarising current concepts,
concluded that surgery to reconstruct
the ACL following a complete rupture
is considered to be the management of
choice, particularly if conservative
management has failed.Tp.e ,surgery
aims to restore normal joint
mechanics, which is vital if the
individual wishes to return to an active
lifestyle.
Advances in ACL reconstructive
~urgery have led to the development of
extra-and intra-articular procedures.
Of late,. grafting·ofthe middle third of
the patellar tendon to reconstruct the
ACL, based on the technique .first
described byJones (1963), has proved
popular in the literature.(Rosenburg et
a11992, Shelbourne and Nitz 1990).
Using the patellar tendon as the graft
has several advantages over other
methods. It has greater strength
(Noyes etal1984), offers bone to bone
fixation (Lambert 1983), allovvs for
rapid healing of the graft bone in the
tibial and femoral tunnels, and offers
the potential for early vigorous
rehabilitation (Shelbourne and Nitz
1990).
Despite these advantages, significant
complications relating to the harvest of
the graft have been reported.
Documented problems include patellar
fracture (Graf and Uhr 1988), rupture
of the graft (Bonamoet al 1984) and
subluxation ofthe· remaining tendon
Ganes 1980). More common,however,
is the complication of knee extensor
weakness and inhibition. This
complication is thought to he due in
part to patellofemoral problems (Sachs
et al 1989), persistent patellar tendon
defects and scarring of the inferior
patellar fat pad (Rosenburg et al 1992).
Little research has been directed
towards detailed quantification of the
effect of the patellar tendon ACL
reconstructive surgery on the strength
of the knee extensors. Recent literature
has questioned whether knee extensor
strength following ACL reconstruction
is directly influenced by the post-
operative management (De Carlo et al
1992,Shelbourne and Nitz 1990).
Previous rehabilitation programs have
described prolonged protection by
immobilisation in hraces/splints for up
to 12 vveeks before strengthening and
weight bearing were commenced.
However, it has been noted
anecdotally that patients who did not
adhere to this protocol appeared to
improve faster and with less
complications (Shelbourneand Nitz
1990). Hence a trend towards more
aggressive rehabilitation developed.
Shelbourne and Nitz (1990), in an
accelerated rehabilitation program,
allovvedpatients with patellar tendon
grafts to weight bear immediately
following surgery. Early passive
movement and achievement of full
extension range of motion was adopted
.,.
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instead ofimmobilisation. Closed
kinetic .chain exercises and
proprioceptive routines were
commenced early. Patients returned to
light sports at three months and full
activity at nine months. De Carlo et al
(1992) accelerated this program still
further and allowed return to full
sporting activities at 16 to 24 weeks.
VVhile the accelerated rehabilitation
program has been well documented,
there have been few studies that have
analysed its effect on knee extensor
strength for both concentric and
eccentric muscle actions at a number of
velocities of movement. To date, most
published work has concentrated on
reporting concentric peak torque as the
measure of knee extensor strength.
Only one study has addressed eccentric
muscle torque of the knee extensor
muscles post reconstruction surgery
(Krameret aI1993).
The torque produced through the
range of motion during concentric and
eccentric muscle actions is also likely
to ·be important in predicting
performance, as the ability to detect
torque deficits at any particular point
ina range is crucial when planning a
rehabilitation strength program
(Kannus 1991). Few studies have
reported data on through~range
concentric torque, while no studies
have reported on through-range
eccentric torque production. Through~
range torque data can be used in
combination with measures of strength
such as angle specific torque, peak
torque and the related variable of the
angle at which peak torque occurs. A
review of the literature reveals no data
on the effect of a patellar tendon ACL
reconstruction on the angle ofpeak
torque during concentric and eccentric
muscle actions.
The purpose of this study, therefore,
was to evaluate knee extensor muscle
strength in patients with patellar
tendonACL reconstructions, by
comparing the operated and non
operated limbs. A period of two to four
years post surgery was nominated to
ensure that all patients had ceased
formal rehabilitation and medical
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review. Three variables related to knee
extensor strength during concentric
and eccentric muscle actions were
investigated: truncated range average
torque (TRAT), which refers to the
average through-range production of
torque during an isokinetic testing
movement, minus the non isokinetic
acceleration and deceleration phases of
the movement; peak torque (PT),
which is the maximum isokinetic
torque generated during the isokinetic
range of motion; and the angle of peak
torque (APT), which is the angle in the
range oEmotion where the peak torque
occurred during the test movement.
Both concentric and eccentric muscle
actions were tested at velocities of 60,
120 and 180 degrees/so
Method
Twenty subjects, consisting of 11
males·and nine females between the
ages of 22 and 39 years
(x= 24.6 ±3.1 [SD]) were tested. All
subjects had undergone intra-articular
ACL reconstruction on one knee only,
utilising a patellar tendon autograft. All
testing was conducted after a minimum
of rw-oyears and a maximum of four
years post operatively
(x = 3.2 ±0.4 [SD]).
All reconstructive surgery was
completed by the same orthopaedic
surgeon and the subjects represented
20 sequential patients from this
surgeon. Postoperatively, all subjects
completed an accelerated rehabilitation
program (Shelbourne and Nitz 1990)
at the Physiotherapy Department,
Royal Perth Rehabilitation Hospital,
Western Australia.
Subjects were excluded from the
study if they had experienced any
further knee trauma, had any persisting
pain, swelling or instability or had
undergone any subsequent surgery on
the reconstructed knee. Injury or
surgery to the non-reconstructed knee
also resulted in exclusion.
Subjects completed a questionnaire to
provide subjective information on
satisfaction with their reconstructed
knee, stability, pain, swelling and
perceived strength (modified from
Noyes 1987). Informed consent was
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gained and the subjects instructed that
they could withdraw at any stage of the
testing without penalty or prejudice"
Instrumentation
Isokinetic testing of both limbs was
performed on aKin-Com ·500H
dynamometer (Chattecx·Corp",
Chattanooga, USA). The single pad
attachment of the dynamometer with a
proximal placement on the tibia was
used to reduce anterior shear forces in
the knee Ouristand Otis 1985, Strauss
et aI1994).
Procedure
Subjects were positioned on the Kin-
Com SOOH seated (hips at
approximately 80 degrees of flexion),
with Velcro stabilising straps placed
across the pelvis and distal thigh of the
testing leg. The popliteal fossa of the
limb being tested was approximately
two centimetres in front of the edge of
the seat, to allow adequate knee range
of motion.
The resistance pad of the Kin-Com
was placed proximally on the tibia at
40 per cent ofthe distance from the
lateral femoral condyle to the lateral
malleolus of the ankle. The axis of
rotation oEthe dynamometer was
visually aligned with the lateral femoral
condyle ofthe femur. Gravity
correction of the data was achieved by
referencing the Kin-Com lever arm to
position at the horizontal and also at
45 degrees ofknee flexion. Limb
weight was also measured by the Kin-
Com at 45 degrees of knee flexion.
From this position, start and stop
angles for the range of motion to be
tested were set at 90 and 0 degrees
respectively. Zero degrees was taken as
the active full range of knee extension
of the subject and 90 degrees of knee
flexion was then measured using the
Kin-Com dynamometer. The same
examiner performed the set-up and
testing procedure for all subjects.
Subjects performed a warm-up and
familiarisation with the Kin-Com prior
to the formal testing·procedure. This
consisted of five minutes of moderately
intense cycling on an exercise bicycle
ergometer, and submaximal concentric
and eccentric muscle actions at each
Figure 1. TRAT/velocity relationship for concentric and eccentric muscle actions of the
knee extensor musculature of the operated and non-operated limbs. Mean and standard
deviation.
60 120 1BO
Velocity (degrees!s)
II Operated limb concentric
II Non-operatedlimbconcentric
II Operated limb eccentric
II Non-operated limb eccentric
, AUSTRAliAN PHYSIOTHERAPY
150
......... 100
E
Z
........
tc~ 50
...
o
testing velocity on the Kin-Com.
The testing procedure involved
performing maximal concentric and
eccentric knee extensor muscle actions
through 0 to 90 degrees of lmee
flexion. Both the reconstructed and
non-operated limbs were tested at
velocities of 60, 120 and 180 degrees/so
Thirty seconds of rest was allowed
between efforts to enable recovery of
the ATP-CP energy system (the
longest maximum muscle activation
time was 1.5 seconds). Testing was not
complete at any velocity until it was
determined that maximum torque
production had been achieved by the
subject ..~thiswas determined visually by
comparIson of torque curves produced
in each effort and the best torque curve
was stored). Two minutes was allowed
for recovery between each velocity
tested. Randomisation oflimb testing
order and then randomisation of
velocities for that limb was utilised.
Subjects were verbally encouraged but
allowed no verbal or visual feedback on
performance during testing.
Data redu~tion and analysis
TRAT,PT and APT measures were
obtained from the stored data files
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using the Kin-Com Software Version
3.20 SP05. The group data were
analysed using a three factor ANOVA
for a) limb (operated and non-
operated), b)·muscle action (concentric
and eccentric) and c) testing velocity
(60, 120 and 180 degrees/s). The
SuperAnova statistical program·was
used and interaction comparisons were
e~amined using contrast analysis by
means comparison.
For all tests ofstatistical significance,
a probability ofp < 0.05 was accepted
as representing meaningful differences.
Results
Truncated range
average torque (TRAT)
A three factor ANOVA with repeated
measures revealed a significant
velocity-action interaction
(F(2,)8)=52.77,p < 0.001). Contrast
analysis revealed significant differences
between the TRAT values for all
concentric and eccentric velocities.
These results are consistent with the
expected torque/velocity relationship
of muscle, with an increase in eccentric
TRAT with an increase in velocity and
a decrease in concentric TRAT with an
increase in velocity (Figure 1).
A significant difference .(F= 17 15(1,19) .,
P< 0.001) between the operated and
non operated limbs for TRAT at all
three velocities was also evident
(Figure 1). The total average deficit in
TRATwas8.48 per cent (9.88, 10.18
and 5.37 per cent at 60, 120 and 180
degrees/s respectively) for the
concentric muscle actions and 6.73 per
cent (6.03, 6.42 and 7.73 per cent at
60, 120 and 180 degrees/s respectively)
for the eccentric actions.
Peak torque (PT)
Results ofa three factor ANOVA on
the peak torque data also revealed a
significant velocity--action interaction
(F(2,)8)= 33.86,p< 0.001). Contrast
analysis revealed significant differences
between the PT values for all
concentric velocities and for the 60
versus 180 degrees/s, and the 120
versus 180 degrees/s eccentric
velocities. The 60 versus 120 degrees/s
contrast was not significantly different
(F(1191= 0.23, p= 0.64). That is, thePT
was SIgnificantly greater at 1·80
degrees/s than at 60 and 120 degrees/s.
A si.gnificant difference (F= 16 19(1,38) ..,
p < 0.001) between the operated and
non operated limbs was also shown
(Figure 2). Total deficits in PT
between the operated and non
operated limbs averaged.8.26 per cent
(10.86, 8.88 and 5.05 per cent at
60,120 and 180 .degrees/s respectively)
for the concentric muscle actions and
7.96 per cent (7.76, 8.93 and 7.20 per
cent at 60, 120 and 180 degrees/s
respectively) for the eccentric muscle
actions.
Angle of peak torque (APT)
There was no significant difference in
the APT between the limbs. This
indicates that even though absolute PT
values were significantly lower for the
operated limb, the angle at which
torque is developed was similar
whether the limb was operated or non
operated (Figure 3). However, there
was a significant action difference
(~{J~19)= 9.8?, P= 0.005). This
dltterence In the angle at which PT
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Figura 2.
Peak torque/velocity relationship for concentric and eccentric muscle actions of the
knee extensor musculature of the operated and non...operated limbs. Mean and standard
deviation.
reported a 100 per cent satisfaction
level in 10 subjects.
Only 25 per cent (Sout of 20) of the
subjects in the present study perceived
equal strength in the operated and
non-operated lmees. This is despite the
high level ofsatisfaction reported. This
result is significantly less than ·the 40
percent ofsubjects in the study
reported by Rosenburget al (1992).
More aggressive rehabilitation (both
formally and once discharged from
treatment) may contribute to greater
knee extensor torque in the operated
limb following reconstructive surgery"
The current study found that the
operated limb produced significantly
lower peak knee extensor torque than
the non-operated limb at all testing
velocities (60, 120 and 180 degrees/s)
and all actions (concentric and
eccentric). Average concentric peak
torque deficits for the operated limb
were 10.86, 8.88 and 5.05 per cent at
60, 120 and 180degrees/s (a total
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was generated for concentric and
eccentric muscle actions was
approximately 5.5 degrees at each of
the three velocities, or 72.0 and 77.5
degrees ofknee flexion respectively.
The significant effect ofAPT
decreasing as velocity increases
(F(219)= 18.84,p < 0.001) can be
observed in Figure 3, which illustrates
the effect for operated and non-
operated limbs and concentric and
eccentric muscle actions.
Results of questionnaire
Nineteen of the 20 subjects reported
satisfaction with their ACL
reconstruction. One subject reported
little confidence in his lmee, although
the Imee had not given way following
the reconstructive surgery.
Surprisingly, despite the high level of
satisfaction recorded among the 20
subjects, only five considered the
strength oftheir reconstructed knee to
be equivalent to that of their non-
operated knee.
Discussion
The goal of ACL reconstruction is to
restore functional capacity by
effectively re,...establishing the complex
structure and function of the normal
ACL (Lephart et al 1993). Concentric
and eccentric quadriceps strength of
the non-operated leg two years post-
surgery can be used as one indicator of
success. Loss of strength may result in
decreased dynamic knee stability
leading to complaints of pain and
swelling. Conversely, subjects
experiencing pain with activity will
typically function ata lower activity
level,which can lead to or perpetuate
decreased muscle strength.
Of the 20 subjects tested, 19 (95 per
cent) reported.satisfaction with· their
reconstructed knee. The remaining
subject reported little confidence in the
knee despite no history of instability.
This finding is similar to that of
Kornblatt et al (1988). The 38 subjects
studied by the authors reported a 100
per cent satisfaction with their patellar
tendon autograft ACL reconstructed
knees. Rosenburget al (1992) also
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average deficit of 8.26 percent). This
compares favourably with the results of
Setoet al (1988) and·Rosenberg et al
(1992). Setoet al (1988), in a follow-up
study of 10 subjects, two to seven years
after patellar tendon autograft ACL
reconstruction, found an average
concentric knee extensor peak torque
deficit of 15 per cent at three testing
velocities. Rosenberg et al (1992), in
their one to two year follow-up of 10
subjects with a similar operative
procedure, found an average
concentric peak torque deficit of 18
per cent. Rehabilitation procedures
were not mentioned for the former
study, while the latter was conservative
- that is, the rehabilitation program
specified no weight bearing for four to
six weeks and an unspecified period
wearing an extension limiting brace.
The reason for concentric peak
torque deficits decreasing as the testing
velocity increases may be related to a
possible decrease in slow twitch muscle
fibres following ACL injury and
Figure 3.
Angle of peak torque/velocity relationship for concentric and eccentric muscle actions
of the knee extensor musculature of the operated and non-operated limbs. Mean and
standard deviation.
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reconstruction while fast twitch fibres
may be preserved.. This'velocity-
specific deficit needs to be investigated
further.
Interestingly Lephart et al (1 993), in
aone,to two year follow-,up of 33
subjects who underwent patellar
tendon autograft ACL reconstruction,
found no significant difference in
concentric peak torque generated
between the operated and non;..,
operated limbs. Subjects did not full
weight bear until week eight in this
study.
Shelbourneet al (1990) and De Carlo
et al (1992) used an accelerated
rehabilitation program following
patellar tendon ACL reconstruction.
Emphasis was on early weight bearing,
early extep.sion and modified closed
kinetic chain exercises for the knee.
Shelbourne et al (1990) found an
average. concentric peak knee extensor
torque deficit of 10 percent in the
operated limb in their two to seven
year follow-up of 155 athletes. This is
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similar to the deficit found in the
current group of subjects, who were
two to fOUf years post surgery.
However, De Carloet al (1992), using
a more aggressive version of the
accelerated program on their subjects,
found no significant difference in
concentric knee extensor peak torque
between limbs at a one year follow-up.
It could be concluded, therefore, that
the aggressiveness of the. rehabiliation
program post surgery requires further
investigation to quantify the exercise
regime' that will provide most benefit
for the patient.
Significant knee extensor peak torque
deficits in the operated limb compared
with the non-operated limb were also
found for eccentric muscle action in
the current study. Differences were
7.76, 8.93 and 7.20 per cent at 60,120
and 180 degrees/s (for a total average
deficit of 7.96 per cent). This finding is:
in contrast with those of Kramer et al
(1 993) .in the only other·study
reporting eccentric knee extensor peak
torque in ACL reconstructedJmees.
They found no significant·differences
between operated and non-operated
limbs at an average of 21 months post
operation. However, there was a trend
towards an eccentric deficit in their
published results. It should be noted
that this study used subjects who had
their ACLs reconstructed via
semitendinosus tendon and ligament
augmentation devices, thus minimising
extensor. mechanism disruption and
making comparison difficult. It is
interesting to note that eccentric peak
torque deficits remained similar with
an increasing test velocity, unlike the
concentric peak torque deficits.
The results of the present study
indicate a significantTRAT deficit in
the knee extensors of the operated limb
when compared with the non-operated
side. This finding is true for all
velocities and muscle actions. Average
concentric TRAT deficits for the
operated limb were 9.88, 10.18 and
5.37 per cent at 60, 120 and 180
degrees/s averaging 8..48 per cent. A
trend of d~creasingdeficits with
increasing testing velocity was also
seen for the concentric peak torque
measure of the knee extensor strength.
The results indicate a greater average
concentric through range torque than
the study ofTibone and Antich (1988).
They found an average concentric
through range knee extensor deficit in
quadriceps torque of 15 percent in 11
subjects at a two year follow-up after
extra-articular ACL reconstruction.
No mention was made of the type of
post-operative rehabilitation
performed by the subjects and again,
comparison was made difficult by the
different operative procedures. No
other study has reported average
torque through a range of motion for
ACL reconstructed knees.
Average eccentric TRATdeficits of
the Imee extensors of the operated limb
were 6.03,6.42 and 7.73 per cent at 60,
120 and 180degrees/s (total average of
6.73 percent). TRAT and peak torque
deficits for eccentric muscle actions
remained relatively consistent with
increasing velocities of testing. There
are no reports in the literature of
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eccentric through range torque.deficits
in ACL reconstructed knees. However,
eccentric muscle function is extremely
important, .as many activities (for
example walking down steps and
landing from a.jump) rely on it.
Perhaps greater emphasis should be
placed on eccentric strength training in
the accelerated program.
There was no significant difference
identified in the present study in the
angle of peak torque generation in
lmee extensors between the operated
and non;..operated limbs at any
particular velocity and muscle action.
The average angle of peak torque for
concentric action was ·72 degrees and
for eccentric action, 77.5 degrees. No
significant difference among angles
within the concentric or eccentric
actions was found to exist at any
velocity. No reports in the literature
haveinvestigated the angle of peak
torque generation in the patellar
tendon autograft ACL reconstructed
lmee. The results presented in this
paper suggest that operated and non-
operated limbs generate their peak
torque at similar angles for a particular
velocity and action. The patellar
tendon autograft reconstructive
procedure for the ACL deficient knee
does not appear to alter this angle
when compared with the non-operated
limb. This finding is very important to
the rehabilitation of the patient
following ·the surgical procedure.
Conclusion
The findings highlighted by this study
are ofdecreased through-range and
peak torque (at all testing velocities
and muscle actions) in the operated
compared with the non-operated limb.
There was no significant difference in
the angle of peak torque generation of
the knee extensors as a result of the
operative procedure.
Residual.deficits in strength were still
present at the time of follow-up,
although the magnitude of the deficits
compared favourably with previous
research on lmeeextensorstrength
following intra-articular knee
reconstructions. Strength deficits were
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significant, both objectively through
strength testing and clinically in the
subjects' perception of weakness. It is
recommended· that strengthening
exercises and regular assessment be
continued until the deficits are further
reduced or eliminated. The patellar
tendon ACL reconstructive procedure
does not significantly alter the angle of
peak torque generation.
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